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Normal mammary epithelial cells are efficiently
immortalized by the E6 gene of human papillomavirus
(HPV)-16, a virus commonly associated with cervical
cancers. Surprisingly, introduction of the E6 gene from
HPV-6, which is rarely found in cervical cancer, or

bovine papillomavirus (BPV)-1, into normal mammary
cells resulted in the generation of immortal cell lines. The
establishment of HPV-6 and BPV-1 E6immortalized cells

was less efficient and required a longer period in
comparison to HPV-16 E6. These HPV-6- and BPV-1
E6-immortalized cells demonstrated dramatically reduced
levels of p53 protein by immunoprecipitation. While the
half-life of p53 protein in normal mammary epithelial
cells was -3 h, it was reduced to ~-15 min in all the
E6-mmortalized cells. These results demonstrate that the
E6 genes of both high-risk and low-risk papilloma viruses
immortalize human mammary epithelial cells and induce
a marked degradation of p53 protein in vivo.
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Introduction
Breast cancer is one of the most common lethal malignancies
of women in North America and Europe. The molecular
events involved in the development of early breast cancer

are largely unknown, primarily due to the lack of suitable
in vitro models. Immortalization is a crucial early event in
tumorigenesis that allows cells to proliferate continuously.
To examine this stage ofmammary cell oncogenesis we first
defined culture conditions for the growth of normal and
transformed mammary epithelial cells (Band and Sager,
1989; Band et al., 1990a). Using this in vitro system it was
demonstrated that the normal human mammary epithelial
cells were immortalized by the introduction of human
papillomavirus (HPV) type 16 or 18 DNA (Band et al.,
1990b). These HPVs are often referred to as 'high risk' since
they are frequently isolated in human cervical cancers. HPVs
such as types 6 and 11 are common in genital and cervical
papillomas and are referred as 'low risk', since these lesions
rarely progress to frank malignancy.

Several studies in rodent cell culture systems and in human
keratinocytes have shown that the E6 and E7 genes of
HPV-16 and HPV-18 were critical for the establishment of
their immortal state (Beddel et al., 1987; Matlashewski
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et al., 1987; Kaur and McDougall, 1988; Munger et al.,
1989a; Barbosa and Schlegel, 1989; Hawley-Nelson et al.,
1989; Hudson et al., 1990; Barbosa et al., 1991; Halbert
et al., 1991). The proteins encoded by the E6 and E7 genes
have been shown to complex in vitro with the two known
tumor suppressor gene products, the p53 and retinoblastoma
protein (Rb), respectively (Miinger et al., 1989b; Werness
et al., 1990). Binding of E6 to p53 and of E7 to Rb is thought
to result in the loss of their normal growth inhibitory
functions. In contrast to keratinocytes which require both
the E6 and E7 genes for efficient immortalization (Munger
et al., 1989a), transfection studies with mutant HPV-16
constructs suggested that the HPV-16 E6 gene was essential
and sufficient for the immortalization of normal mammary
epithelial cells (Band et al., 1991).
Using the in vitro reticulocyte lysate system, it has been

reported that HPV-16 E6 induced p53 degradation through
the ubiquitin-dependent pathway (Scheffner et al., 1990;
Crook et al., 199 lb). Consistent with these in vitro results,
HPV-16 E6-immortalized mammary epithelial cells showed
nearly undetectable levels of p53 protein, as opposed to the
normal parent cells which have relatively high levels of the
p53 protein (Band et al., 1991). This system, therefore,
provides a model to understand the biochemical basis of
immortalization by E6 in the absence of potential interactions
with other viral gene products such as E7.
The degradation of p53 protein in vitro by the E6 proteins

of the high risk viruses appears to be biologically relevant
since the E6 proteins of low-risk viruses, such as HPV-6,
are not competent to mediate its degradation (Scheffner
et al., 1990; Crook et al., 1991b). However, although
BPV-1 E6 does not bind human p53 in these in vitro assays
(Werness et al., 1990), it efficiently induces the oncogenic
transformation of murine C127 cells (Schiller et al., 1984).
These BPV E6 transformed cells have levels of p53 equal
to non-transformed or v-ras transformed C 127 cells (Schiller
et al., 1986; E.J.Androphy, unpublished data). Similarly,
the E6 gene from HPV 8, an oncogenic virus causing
squamous cell cancer in epidermodysplasia verruciformis,
transforms C127 cells but does not bind p53 (Steger and
Pfister, 1992). The HPV-6 and BPV-1 E6 genes, therefore,
provide naturally occurring variants to address the role of
p53 in E6-induced mammary cell immortalization. Here, we
demonstrate that these E6 genes were able to induce the
immortalization of mammary epithelial cells. In the resultant
cell lines the half-life of p53 protein was markedly reduced,
suggesting that augmented p53 degradation was required for
immortalization.

Results
Immortalization of normal mammary epithelial cells by
HPV-16, HPV-6 and BPV-1 E6
Our previous studies have demonstrated that a plasmid
containing a (3-actin promoter-regulated HPV-16 E6 open
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reading frame (ORF) with a disrupted E7 ORF efficiently
immortalized normal human mammary epithelial cells (Band
et al., 1991). Because the disrupted E7 gene contained the
amino-terminal Rb binding domain, we were unable to
exclude the possibility that it was contributing to the immortal
phenotype. Therefore, the coding sequences of the E6 genes
of HPV-16, HPV-6 and BPV-1 were cloned into p1318
vector (Munger et al., 1989a) downstream from the 3-actin
promoter. The normal mammary epithelial cell strain 76N
was transfected with these plasmids by calcium phosphate
coprecipitation. Following G418 selection in DFCI-l
medium for 10 days, individual colonies and a pooled
population were transferred to the defined medium D2.
Normal mammary epithelial cells do not proliferate in this
medium (Band et al., 1990b, 1991). The efficiency of
immortalization was determined as the number of
G418-resistant colonies that gave rise to immortal clones.
The results of a representative experiment are presented

in Table I. All (10/10) of the G418-resistant colonies tested
from the HPV-16 E6 transfection gave rise to immortal
clones as did the pooled population. When G418-resistant
colonies from the HPV-6 E6 transfection were transferred
to D2 medium, a period of selection was observed during
which a large proportion of the cells died. After this 'crisis'
period, two of the 10 colonies yielded a population of cells
that could be grown in D2 medium without further cell death.
Similar results were obtained with the pooled cell population.
These proliferating cells have been serially propagated in
D2 medium for > 20 passages ( >100 population doublings)
for the individual clones and 40 passages ( > 200 population
doublings) for the pooled HPV-6 E6-transfected cell
population without any evidence of senescence, clearly
indicating that the cells became immortal. Similar results
were obtained in one other normal mammary epithelial cell
strain 70N (data not shown).
To determine whether BPV-1 E6 transforming function

would be manifest in human mammary epithelial cells, this
gene was transfected into 76N cells. When individual
colonies and a pooled population were plated in D2, they
exhibited a 'crisis' period comparable to that observed in
the HPV-6 E6 transfectants. While none of the individual
colonies could be established as an immortal line (Table I),
a population of cells was established from pooled colonies
after the 'crisis' period. These have been maintained
continuously in D2 medium (>20 passages or 100
population doublings), indicating that they were immortal.

Considering the biological differences we observed during
HPV-16, HPV-6 and BPV-1 E6 immortalization, the
possibility that the HPV-6 or BPV-1 E6-immortalized cell
lines resulted from contamination with HPV-16 E6 (which
was used as a positive control in each transfection
experiment) was tested. A differential PCR was performed
on DNA extracted from the immortalized lines as described
in Materials and methods. All PCR reactions contained a
mixture of oligonucleotides specific for each of the three E6
genes. As shown in Figure 1, the E6 primers did not amplify
a specific product using DNA isolated from non-
immortalized cells (lane 3). The BPV specific 206 bp
fragment could be amplified from the BPV- 1
E6-immortalized cells (lane 4), and the HPV-6 E6 specific
482 bp fragment was amplified from DNA isolated from
HPV-6 E6 immortalized cells (lane 5). Only DNA from
HPV-16 E6-immortalized cells produced the 16-E6 specific
188 bp fragment (lane 6). This demonstrates that the
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Table I. Immortalization of normal mammary epithelial cells by
transfection of papilloma virus E6 genes

Plasmid No. of immortal colonies Immortal pooled cells

HPV-16 E6 10 (out of 10) +
HPV-6 E6 2 (out of 10) +
BPV-l E6 0 (out of 10) +

106 cells were co-transfected with the indicated plasmids and pSV2neo.
After 48 h G418-resistant cells were selected for 10 days. Individual
G418-resistant colonies (column 2) or pooled population of these cells
(column 3) were grown in D2 selection medium to determine the
immortal phenotype. Pooled cells in all the three cases gave rise to
immortal cell lines. However, on the basis of the number of immortal
clones, the E6 gene of HPV-16 was the most efficient and BPV-1 E6
was the least efficient.

a)
N
c.) 1 2 3 4 5 6

702 -

224 -

117 -

Fig. 1. Differential PCR. PCR reactions were performed on DNA
isolated from either 76N (lane 3), BE6-P (lane 4), H6E6-P (lane 5)
and H16E6-P (lane 6) as described in Materials and methods. The E6
primers did not amplify a specific product from 76N cells. The
E6-immortalized cells showed a single specific product that
corresponded to the gene transfected (BPV-1 E6 206 bp, HPV-6 E6
482 bp and HPV-16 E6 188 bp). Lane 2 is a control where the PCR
mix was primed with distilled water instead of DNA and lane 1 is the
reaction mix with the PCR reagents alone.

phenotype exhibited by the HPV-6- and the BPV-l
E6-immortalized cells was not due to the presence of an
HPV-16 E6 gene. In addition the HPV-6 E6 gene product
was cloned from H6E6-P, cells sequenced and confirmed
to be wild type. In Northern blot analyses, E6-specific RNA
transcripts were observed in all E6-immortalized cells,
demonstrating that E6 genes were expressed. As expected,
the normal parent cells did not contain any HPV specific
RNAs (data not shown).
A possible explanation for the 'crisis' period during HPV-6

or BPV-l E6-induced immortalization was that these cells
acquired a p53 mutation. To determine whether the p53 gene
expressed by these immortal cells was wild type, RNA was
isolated from HPV-6- and HPV-16-immortalized cells and
used as a template for synthesizing cDNA (as described in
Materials and methods). The entire coding sequences from
10 independent cDNA clones of p53 from both HPV-16-
and HPV-6 E6-immortalized cells were sequenced and
confirmed to be identical to parent wild-type gene in 76N
(sequence not shown). The p53 alleles in 76N cells were
found to be wild type by direct sequence analysis
(L.Delmolino et al., submitted).

Status of p53 protein in E6-immortalized cells
The E6 genes of the high risk viruses HPV-16 and HPV-18
cause the degradation of p53 protein in vitro. Consistent with
these in vitro results, we have demonstrated that the levels
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Fig. 2. Immunoprecipitation analysis of p53 protein in E6-immortalized cells. NETN lysates of metabolically labelled cells at early (before crisis) or
late passages (established immortal) were immunoprecipitated using anti-p53 mAb, PAb 122 (lane b) and PAb 1801 (lane c). In each case lane a,
represents immunoprecipitation with P3 (negative control) or lane d, with W6/32 (anti-HLA class I; used as a control). The position of p53 protein is
indicated. Note that both early and late passage HPV-16 E6-transfected cells showed nearly undetectable p53. In contrast, early passages of HPV-6
and BPV-1 E6-transfected cells showed a reduced but detectable levels of p53; at later passages (post-crisis) these cells showed marked p53 loss
comparable to HPV-16 E6 transfectants.

of p53 protein were drastically reduced in HPV-16
E6-immortalized mammary cells (Band et al., 1991).
Conflicting in vitro data suggest that the E6 protein from
a low-risk virus such as HPV-6 either does not bind p53
(Werness et al., 1990) or binds p53 less efficiently than
HPV-16, but is unable to target p53 for degradation (Crook
et al., 199 ib). BPV-1 E6 does not bind human p53 protein
in vitro (Wemess et al., 1990). These in vitro results would
imply that HPV-6 or BPV-1 E6 might not affect p53 levels
in vivo. To examine the state of p53 in these cells, the levels
of p53 in the E6-immortalized cells were analyzed by
immunoprecipitation with the p53-specific monoclonal
antibodies PAb 122 and PAb 1801, both before and after
the 'crisis' period.
As reported previously (Band et al., 1991), immunopre-

cipitation with these antibodies showed abundant p53 protein
in 76N cells (Figure 2). In contrast, a pooled population of
HPV-16 E6-immortalized cells, H16E6-P, showed nearly
undetectable levels of metabolically labeled p53 at both early
and late passages (Figure 2). When a pooled population of
HPV-6 E6 transfected cells, H6E6-P, was examined at early
passage (before crisis), p53 protein was decreased relative
to 76N cells, but was still detectable. At later passages (post-
crisis) the same pooled population showed barely detectable
levels of p53, which were comparable to HPV-16
E6-immortalized cells. The pooled population from BPV-l
E6 transfected cells, BE6-P, showed high levels ofp53 when
examined at an early passage. When the pooled population
was examined at a later passage (post-crisis), the p53 protein
was barely detectable by immunoprecipitation (Figure 2).

Normal p53 RNA expression in E6-immortalized cells
To demonstrate that loss of immunoprecipitable p53 protein
in E6-transfectants was not due to the reduction in the
expression of its mRNA, p53 mRNA levels in normal parent
(76N) and HPV-16, HPV-6 and BPV-1 E6-immortalized
cells were analyzed by Northern blot analysis. p53 mRNA
was equally abundant in 76N and E6-immortalized cell lines
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Fig. 3. p53 mRNA expression in normal and E6-immortalized cells.
Total cellular RNA isolated from normal parent cells (lane 1), 16E6-P
(lane 2), 6E6-P (lane 3) and BE6-P (lane 4) was resolved on an
agarose gel and transferred to a nylon membrane (Hi-bond N,
Amersham) and hybridized with a 1.8 kb human p53 cDNA.
Locations of the ribosomal RNAs (28S, 4850 bp and 18S, 1740 bp)
are indicated.

(Figure 3). Thus, reduction of p53 protein levels in
E6-immortalized cells was not due to change in p53 gene
expression.

The half-life of p53 protein is reduced in
E6-immortalized cells
While HPV-16 E6 induced the degradation of p53 in vitro,
neither HPV-6 E6 nor BPV-1 E6 demonstrated this activity.
To assess whether the decrease in p53 in vivo was due to
an enhanced rate of degradation in the E6-immortalized cells,
we determined the stability of p53 protein in these cells.
A pulse-chase analysis demonstrated that the half-life of

p53 in 76N cells was - 3 h (Figure 4), considerably longer
than the 15 min half-life reported in rodent fibroblasts such
as NIH 3T3 cells (Levine and Momand, 1990; L.Delmolino
et al., submitted). Under identical conditions, p53 protein
in MDA-MB-23 1, a human mammary tumor cell line
carrying an Arg to Lys mutation at codon 280, showed a
half-life of - 30 h (L.Delmolino et al., submitted). Thus,
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Fig. 4. Papilloma virus E6-immortalized cells show markedly enhanced degradation of p53 protein. 76N cells and E6-immortalized cells were

metabolically pulse-labelled for 15 min and then chased for various time periods as described in Materials and methods. Equal amounts of cell
lysates (c.p.m) were immunoprecipitated using the anti-p53 mAb PAb 122 and separated on SDS-7.5% polyacrylamide gels. Note that in 76N cells

(half-life of -3 h). p53 can be detected even after 4 h of chase. In contrast, E6-transfected cells show marked loss of p53 within 15 min, with little
detectable by 2 h and virtually no p53 was detected after 4 h (not shown).

the methodology used accurately measured the kinetics of
p53 catabolism. The half-life of p53 was reduced to 15 min
in H16E6-P, indicating enhanced degradation. A similar
analysis of p53 stability in H6E6-P and BE6-P demonstrated
that its half-life was also about 15 min in these cell lines
(Figure 4). These results demonstrate that in vivo both
HPV-6 and BPV-l E6 induce an increase in p53 degradation.

Discussion
The generation of immortal human cell lines from normal
human cells is a rare phenomenon. The HPV E6 and E7
oncoproteins appear to possess a unique ability to prolong
the life span of human epithelial cells (Kaur and McDougall,
1988; Barbosa and Schlegel, 1989; Hawley-Nelson et al.,
1989; Munger et al., 1989a; Band et al., 1990b; Hudson
et al., 1990; Barbosa et al., 1991; Halbert et al., 1991) and
smooth muscle cells (Perez-Reyes et al., 1992). The results
presented in this paper and our previous observations
demonstrate that the HPV-16 E6 oncoprotein can efficiently
immortalize normal human mammary epithelial cells. The
HPV-16 E7 gene was neither sufficient nor necessary for
their immortalization (Band et al., 1991). In this regard
human mammary epithelial cells differed from primary
human keratinocytes which required both E6 and E7 for
efficient immortalization. Mutant forms of Rb are rarely
found in breast cancer (Bartek et al., 1990), while there is
a high frequency of p53 mutations or deletions in breast
cancer (Crawford et al., 1984; Bartek et al., 1990;
Runnebaum et al., 1991). Since HPV-16 E6 and E7
presumably inactivate p53 and Rb function, respectively,
these observations would suggest that Rb may not have an

important tumor suppressor function in mammary epithelial
cells. The mammary cell immortalization provides a unique
model that is strictly E6 dependent and thus facilitates
analyses of the biochemical basis of immortalization as well
as the interactions of E6 with cellular factors such as the
p53 tumor suppressor gene product.

In this report we have demonstrated that not only the E6
gene from HPV-16, but also the E6 genes of HPV-6 and
BPV-1, can immortalize these cells. HPV-6 and BPV-1 E6
were significantly less efficient than HPV-16 E6 in induction
of the immortal phenotype, and the HPV-6 and BPV-1
E6-transfected cultures revealed an ongoing cell death at
early passages. This phase, referred to as the 'crisis' period,
was not observed during HPV-16 E6 induced

immortalization. The efficiency of immortalization in vitro
by these HPV E6 genes correlates with their natural biology,
since HPV-16 infection is associated with cervical cancer

while HPV-6 only rarely eventuates in malignancy (zur
Hausen, 1989). This mammary cell system, therefore,
provides a unique model to study transforming functions
shared between HPV and BPV E6 genes, as well as their
distinguishing properties. It is of interest that HPV-6 E6 in
cooperation with HPV-16 E7 have been recently shown to
have a weak immortalizing activity for human foreskin
epithelial cells (Halbert et al., 1992). Furthermore, a higher
proportion of the tumors of vulva and anus have been
reported to harbor HPV-6 compared with cervical cancers

(Rando et al., 1986; Kasher and Roman, 1988; Beckman
et al., 1989).

Previous analyses by Scheffner et al. (1990) have
demonstrated that the E6 proteins of HPV-16 or HPV-18
complex with p53 in vitro and induce its degradation through
the ubiquitin-dependent pathway. HPV-6 E6 did not induce
p53 degradation in vitro because it was not competent to bind
p53 (Scheffner et al., 1990). However, when expressed as
an E7 fusion protein, HPV-6 E6 was able to induce
degradation of the E7 complexed Rb protein (Scheffner
et al., 1992). In contrast Crook et al. (1991b) have reported
that HPV-6 E6 bound p53 in vitro with reduced affinity, but
failed to induce p53 degradation. A further complexity is
that while BPV-1 E6 is capable of inducing morphologic
transformation of the C127 murine cell line (Schiller et al.,
1984), it did not bind p53 in vitro (Wemess et al., 1990).
Interestingly, C 127 cells were derived from normal
mammary tissue of an RhI mouse (Lowy et al., 1978).
These genes therefore serve as variants for analyzing the
role of p53 in immortalization and correlation of the
biological functions of E6 with its in vitro activity.
The reduction in the levels of newly synthesized p53 in

E6-immortalized mammary epithelial cells was due to a
decrease in p53 half-life. A similar decrease in p53 half-life
has recently been reported in HPV-16 E6 and
E7-immortalized primary keratinocytes (Hubbert et al.,
1992; Lechner et al., 1992). In contrast the HPV-6 or BPV-l
E6-transfected cells showed reduced but detectable levels of
p53 by immunoprecipitiation before cells went through the
'crisis' phase. After the cells were carried through the 'crisis'
stage and became immortal, p53 became barely detectable
by immunoprecipitation. On comparing the half-lives of p53
in cells immortalized with different E6 genes, we observed
that in all the immortal cells the half-life was drastically
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reduced to -15 min compared with -3 h in normal
epithelial cells. Together with unchanged levels of p53
mRNA, these results provide direct evidence that a decrease
in the half-life of p53 protein in mammary epithelial cells
immortalized with the E6 genes of HPV-16, HPV-6 and
BPV-1 is due to enhanced degradation. Some cervical
carcinoma cell lines that contain the E6 gene have very low
steady-state levels of p53 (Crook et al., 1991a; Scheffner
et al., 1991). Hubbert et al. (1992) and Lechner et al.
(1992) have demonstrated that steady-state levels of p53 are
variable in HPV-16 E6 and E7-immortalized keratinocytes
despite the fact that the half-life of p53 is also dramatically
reduced in these same cells. Our preliminary data indicate
that in E6-immortalized mammary cell lines the steady-state
levels of p53 were comparable to those found in the parental
76N cells by Western blot analysis (data not shown). These
data suggest that only the newly synthesized p53 is being
targeted for degradation and this may be critical for
immortalization.
The data suggest that the E6 genes of HPV-16, HPV-6

and BPV-1 exhibit similar immortalizing functions in
mammary epithelial cells. One possible explanation for these
results is that the HPV-6 and BPV-1 E6 genes may interact
with and stimulate the degradation of p53 in vivo. The
efficiency of E6 genes to immortalize mammary epithelial
cells might reflect their relative ability to form a complex
with p53 in vitro (Crook et al., 1991b). An alternative
explanation is that E6 may provide another immortalizing
function in mammary epithelial cells. One line of evidence
that supports this argument is the observation that a mutant
p53 gene (valine to alanine at amino acid 143, Baker et al.,
1990) did not substitute for HPV-16 E6 in the
immortalization assay in mammary epithelial cells (V.Band,
unpublished results). Additionally, this mutant p53 gene did
not substitute for HPV-16 E6 as a transforming gene in
NIH3T3 cells (Sedman et al., 1992). In contrast, in primary
keratinocytes the same mutant p53 gene could substitute for
E6 in co-transfection with HPV-16 E7 for their
immortalization (Sedman et al., 1992). Furthermore, SV40
large T antigen, which binds and presumably inactivates the
p53 protein (Lane and Crawford, 1979) does not efficiently
immortalize human cells including mammary epithelial cells
(O'Brien et al., 1986; V.Band, unpublished data). Taken
together these observations suggest that in mammary
epithelial cells, E6 may target other protein(s) in addition
to its interaction with p53.
The studies reported here show an increasing loss of p53

protein during progression towards immortalization with
different E6 genes. Together with the observation that
E7-induced loss of Rb function is not required for mammary
cell immortalization, these results strongly suggest that p53
performs an important function to regulate cell proliferation
and/or senescence in mammary epithelial cells. This
conclusion is consistent with the high frequency of p53
mutations or deletions in breast cancers (Bartek et al., 1990;
Runnebaum et al., 1991) and the increased susceptibility of
Li-Fraumeni syndrome patients with germ line p53 mutations
to develop familial breast cancer (Malkin et al., 1990).
Understanding the biochemical pathways of p53 function
should provide insights into how this protein performs its
critical roles in mammary cells. Further analysis in this
model may reveal the biochemical basis of the immortalizing
function of the E6 oncogene.

Materials and methods
Cells and cell culture
Derivation of normal epithelial cell strains 76N from reduction
mammoplasties has been described previously (Band and Sager, 1989). These
cells were grown in DFCI-1 medium (Band and Sager, 1989). HPV and
BPV-1 E6-immortalized cells were grown in a modified version of DFCI-1
medium called D2 medium (Band et al., 1990, 1991).

Plasmid constructs
The HPV-16, HPV-6 and the BPV-1 E6 genes were expressed from the
(3-actin promoter in the p1318 plasmid (obtained from Dr P.Howley).
HPV-16 E6 was PCR amplified from HPV-16 E6 genomic DNA (gift of
Dr H.zur Hausen) using specific oligonucleotides (5' ggg
gtcgacATGCACCAAAAGAGAAC 3' which corresponds to nt 83-99 and
5' cgcgaagcTTACAGCTGGGTTTC 3' which is complementary to nt
559-545; the lower case letters represent introduced linker sequences).
The HPV-16 E6 gene was then cloned as a SalI and HindI cassette. The
HPV-6 E6 ORF which corresponds to nt 102-554 on the HPV-6 E6 genome
and the BPV-l E6 gene corresponding to nt 91-504 in the BPV-l genome
were cloned into p1318.

Antibodies
Anti-human p53 mAb used in this study and their sources are: PAb 122
(IgG2a from ATCC). PAb 1801 (IgGI from Dr Lionel Crawford, ICRF,
London). P3 (Kohler and Milstein, 1975, control antibody), rat anti-mouse
kappa chain antibody 187.1 (Yelton et al., 1981), and anti-HLA antibody
W6/32 (ATCC) were from Dr Hamid Band, Harvard Medical School,
Boston, MA.

Transfection and selection
Normal cell strains cultured in DFCI- 1 medium were released from culture
dishes with trypsin/EDTA and plated at 106 cells/100 mm diameter dish
18 h prior to transfection. 8 jig of linearized plasmid DNA was co-transfected
with 2 ,ug of linearized pSV2neo (to provide a selectable marker) by calcium
phosphate co-precipitation. After 6 h, cells were treated with 15% (v/v)
glycerol for 4 min, and then fresh medium was added. After 48 h of
transfection, we began selection in 50 jig/ml of G418 (GIBCO) and continued
for 10 days. The surviving cells were then shifted to D2 medium.

Differential PCR
A differential PCR was performed on genomic DNA isolated from various
cells using a mixture of oligonucleotides specific for either HPV-16 E6,
HPV-6 E6 or BPV-l E6. The oligonucleotides were HPV-16 E6: 5' gggg-
tcgacATGCACCAAAAGAGAAC 3'and 5' ACTATGCATAAATCCCG
3' which is complementary to nt 261-245; HPV-6 E6: 5' gggggatccgaatt-
cATGGAAAGTGCAAATGC 3' which corresponds to nt 102-118 and
5' gtgaagcttggatccTAGGGTAACATGTCTTCC 3' which are complemen-
tary to nt 553-536; BPV-1 E6: 5' ctctgatcatgGCTGAATTATTGCATG-
GC 3' which corresponds to nt 313 -330 and 5'ggggtcgaCTATGGGTA-
TTTGGACC 3' complementary to nt 504-488. The PCR was performed
on 2,Ag of DNA under standard conditions using Taq polymerase (Perkin-
Elmer, Cetus) and the products visualized after electrophoresis on a 1.5%
agarose gel by staining with ethidium bromide.

Sequencing of the HPV-6 E6 gene product
HPV-6 E6 was PCR amplified from HPV-6 E6-immortalized cells as
described above and cloned as a BamHI cassette into pUCl9 (NEB). The
clones were then sequenced using Sequenase version 2.0 (US Biochemical)
and the m13 positive and negative strand primers.

Immunoprecipitation of p53 protein
Exponentially growing cells in 100 mm diameter dishes at 50-70%
confluency were washed once with cysteine- and methionine-free aMEM,
and then incubated in this medium for 30 min at 37°C. 250 ,uCi of
[35S]cysteine and [35S]methionine (NEN, Express35S35S) were added in the
same medium and labelling was carried out for 3 h. Cells were washed
with cold phosphate-buffered saline (PBS) and lysed in 2 ml/100 mm dish
of NETN lysis buffer (20 mM Tris pH 8, 100 mM NaCl, 1 mM EDTA,
0.5% NP40, 1 mM PMSF) (components from Sigma). Lysates were
precleared once with Staphylococcus aureus Cowan 1 strain (Pansorbin,
Calbiochem) and once with protein A-Sepharose 4B (Pharmacia) (200yd
of 10% suspension of each per 2 ml lysate). For specific
immunoprecipitations, precleared lysates were incubated with optimal
amounts of culture supematants of different p53 antibodies. For IgG1
antibodies, rat antimouse kappa chain monoclonal antibody 187.1 was added
to allow protein A binding. After 1 hat 4°C, 50-75 1t of10% suspension
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of protein A - Sepharose were added, and incubation continued for 45 min
at 4°C. Immune complexes were washed six times in lysis buffer, boiled
in SDS-PAGE sample buffer with 5% 2-mercaptoethanol and resolved
on SDS-7.5% polyacrylamide gels.

Sequencing of the p53 gene from HPV E6-immortalized cells
Ten /tg of total cellular RNA from the HPV E6-immortalized cell lines
(H16E6-P, H6E6-P) were used as a template to synthesize cDNA using
reverse transcriptase. Five sets of oligonucleotide primers were used to
generate overlapping p53 specific PCR products, which were cloned into
the Ml3mpl8 and M13mpl9 vectors. At least 10 single-stranded DNA
templates were sequenced for each fragment using M13 specific primers
and Sequenase as described above. The primer combinations used for PCR
and their positions in the p53 coding sequence (Lamb and Crawford, 1986)
are as follows: 1. sense: 5'-ggggatccATTGGCAGCCAGACTGCC-3'(#
-32 to -15), antisense: 5'-gggaattcAGGGACAGAAGATGACAG-3'
(#294-277); 2. sense: 5'-ggggatccGATGAAGCTCCCAGAAT-3'( # 181
to 197), antisense: 5'-gggaattcCTGCTTGTAGATGGCCAT-3' (#495-
478); 3. sense: 5'-ggggatccGTGCAGCTGTGGGTTGAT-3' (#427-444),
antisense: 5'-gggaattcTCCCAGTAGATTACCACT-3' (#798-781); 4.
sense: 5'-ggggatccATCACACTGGAAGACTCC-3' (#763-790), anti-
sense: 5'-gggaattcACGGATCTGAAGGGTGAA-3'( #999-982); 5. sense:
5'-ggggatccAAACCACTGGATGGAGAA-3' (#961-978), antisense:
5'-ggggaatTCAGTCTGAGTCAGGCC-3' (# 1182-1166).

RNA isolation and analysis
Total RNA was isolated from 50-60% confluent cell monolayers, and
Northern (RNA) blot hybridizations were carried out as described previously
(Band et al., 1990b).

Pulse - chase for half-life determination
Exponentially growing cells were starved in cysteine- and methionine-free
medium for 30 min, and labelled as above with [35S]methionine and
[35S]cysteine for 15 min at 37°C. After 15 min, cells were washed twice
with cold PBS, and then incubated with complete medium (DFCI-l, D2
or cs-MEM) supplemented with unlabelled L-cystine (120 pg/ml) and L-
methionine (75 itg/ml) (GIBCO) for various time periods. At each time
interval, cells were washed with cold PBS and lysed in NETN (2 ml/100
mm dish), precleared and equal c.p.m. of lysates were immunoprecipitated
and resolved on SDS-polyacrylamide gels as above.
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